The Al-Au-Cu system and its associated ternary alloys and intermetallic compounds is surprisingly poorly known, and the authors could find no phase diagram for it in the literature. This article addresses this omission by presenting an isothermal section at 500 ЊC, derived with the aid of X-ray diffraction (XRD), energy-dispersive spectroscopy (EDS), metallography, and hardness measurements. The samples studied had generally received an anneal of 2 hours at 500 ЊC, primarily in order to complete any transformations that occurred during solidification and cooling of the castings. The possibility of further changes on protracted annealing at 500 ЊC is not ruled out, and the diagram presented is, therefore, applicable only to material prepared by thermal processing of an industrial nature. The presence of a ternary ␤ phase with a nominal stoichiometry of AlAu 2Ϫx Cu 1+x (0 Յ x Յ 1) was confirmed, and its phase field at 500 ЊC was determined. A number of the binary intermetallic phases were found to exhibit some solid solubility of the ternary element. In particular, the ␥ -Al 4 Cu 9 phase extends deep into the ternary and, in the vicinity of the commercially interesting 18-carat line, appears to exist in a ternary ordered form, designated here as ␥ 2 .
I. INTRODUCTION II. EXPERIMENTAL PROCEDURES
Samples were prepared by either arc melting or air melting A FAMILY of Al-Au-Cu jewelry alloys with an unusual elements of at least 99.9 pct purity. The compositions of the sparkling surface finish ("Spangold") was developed in the samples were analyzed by energy-dispersive spectroscopy early 1990s at Mintek in South Africa. [1, 2, 3] At that time, the (EDS) in a JEOL* 840 scanning electron microscope at 20 metallurgy of these alloys was not understood, and no prior literature was found on the particular compositions of inter-*JEOL is a trademark of Japan Electron Optics Ltd., Tokyo. est. The structure of the alloy with the stoichiometry Al 4 Au 7 Cu 5 was, subsequently, determined from diffraction kV, using elemental standards. The reliability of the analyses data, and it proved to have an ordered B2 crystal structure was also confirmed by analyzing binary line compounds. at temperatures above about 80 ЊC and a nominally tetragonal All the compositions in this article are given in atomic permartensite at temperatures below 30 ЊC. [4, 5, 6] The properties cent, unless otherwise indicated. In general, the samples of this phase indicated that it was a ternary example of a were annealed in air at 500 ЊC for 2 hours and then quenched Hume-Rothery ␤ -electron phase. [7] It is also of interest in a mixture of ice and water, or ice and brine. Selected because it has shape-memory properties and because it stradsamples received anneals in vacuum of up to 100 hours, in dles the commercially relevant 18-carat (75 wt pct Au) secorder to determine whether further microstructural changes tion. Its range of stability is referred to here as the "ternary were likely to occur. Each sample was polished to a 0.25 m ␤ -phase field." finish using a diamond suspension, and some were polished In the present work, the extents of the ␤ and other phases further to a 0.1 m finish using a gamma alumina suspenin the ternary Au-Cu-Al system have been determined, and sion. A combination of EDS phase-composition analyses, a 500 ЊC isothermal section has been constructed. The moti-X-ray diffraction (XRD), peak matching from spectra of vation for this work was, first, to address the omission in known phases in the JCPDS database, [10] and metallography the literature (as, for example, in References 8 or 9) and, were used to elucidate the phases present in these samples. second, to provide information that could be used to optimize
The structures of the phases that could not be matched with alloys for jewelry and shape-memory applications. The isopreviously documented phases were determined from the thermal section is not proposed as a true equilibrium-phase XRD spectra, as described elsewhere. [4, 5, 6] Optical metallogdiagram, because annealing times were, in general, only 2 raphy was generally performed after etching with 0.1 g CrO 3 hours at 500 ЊC. Rather, the diagram presented should be in 10 mL HNO 3 ϩ 100 mL HCl, which was satisfactory for seen as being applicable mainly to the cast-and-solution alloys with gold contents above about 30 at. pct. However, anneal thermal histories typical of industrial processing. This less-noble samples were susceptible to rapid, selective work was performed in parallel with a determination of the removal of Al and Cu, which caused the surface to become 76 wt pct Au vertical section. Therefore, about half of the obscured by a blanket-like layer of gold. Acid ferric chloride samples studied contained 75 or 76 wt pct Au.
or aqua regia proved to be a better choice for such alloys.
In addition, some of these alloys were examined in the unetched condition using Nomarski interference. Note: n.d. ϭ not detected; and n.a. ϭ detected but not analyzed. *The duplex structure was too fine to analyze accurately in the SEM, but appeared to comprise a fine-scale mixture of ␤ and Au 4 Al. **This sample was noticeably cored. The composition given is that of the matrix. †The ␤ phase was too fine to analyze accurately in the SEM. ‡This sample was analyzed in the as-cast condition. Since the analyzed intermetallic phases are stable up to their melting points in the case of AuAl 2 and to at least 600 ЊC in the case of the CuAl and CuAl 2 , it has been assumed that these structures are also present at 500 ЊC in the ternary alloys.
§This sample was noticeably cored. The composition given is that of the dendrite. ¶This sample was noticeably cored. The composition given are that of dendrite core and matrix, in that order.
The ternary ␤ phase could usually be identified from its parent B2/L2 1 phase (which have been previously studied in some detail by the authors [5, 11, 12] ), its intermediate range characteristic microstructure (Figure 1) , which contained laths formed during the martensitic transformation of the of hardness values (extending from 180 to 360 HV), its
